Abstract -We analyze labor supply behavior and the choice between formal and informal sector work of the two spouses in families in urban areas of a developing country, using cross-section data from Bolivia drawn in 1989. The model generalizes the neoclassical family labor supply model. Nonmonetary returns of formal sector employment capture the fact that the choice between sectors is not exclusively based on wage differentials. Wage equations, nonmonetary returns equations, and labor supply equations are estimated jointly by smooth simulated maximum likelihood. We find substantial cross-wage elasticities of working hours of both partners, and large substitution elasticities between the two sectors.
I. Introduction
W E analyze labor supply behavior of the two partners in two-adult families in urban areas in Bolivia, using cross-section data drawn in 1989. We distinguish four types of labor supplied by the family: husband's and wife's hours of work in the formal sector and in the informal sector. We present a static structural model, focusing on the relation between these four types of labor supply, their sensitivity to all four wages, and other family income.
One objective of this study is to analyze the sensitivity of household members' labor supply for their own and their partner's wages. In a developing country, household income is often generated by more than one member of the household. Poorer families may need more than one income to reach subsistence level. The labor supply decisions of the individual family members are likely to be correlated. For instance, if earnings of one spouse are insufficient, the partner may decide to work to generate additional family income.
The point of departure is a neoclassical family labor supply model. The family is assumed to take joint decisions regarding household consumption and labor supply of its members. It maximizes utility, determined by household consumption and leisure of family members, under a household budget restriction. This approach is used in many studies. For example, Hausman and Ruud (1984) extend the linear labor supply model for two-adult families and apply it to U.S. data. Kapteyn et al. (1990) apply this model to Dutch data. Ransom (1987) uses a quadratic utility function to analyze labor supply of two-adult households. Newman and Gertler (1994) estimate the labor supply of rural households of varying size in Peru.
We focus on urban labor markets in a developing country. In this context it is common practice to distinguish between a ''formal'' and an ''informal'' sector. During a period of economic slump with a direct negative effect on formal sector wages, the informal sector is often seen to expand. This is referred to as the buffer function of the informal sector (Todaro (1989) ). A second aim of this study is to analyze whether the choice between formal and informal sectors is driven by wage considerations only, and how sensitive it is for wage differentials.
Previous empirical studies that analyze labor supply in urban areas of a developing country include Magnac (1991) , who extends the basic Roy (1951) model to analyze earnings in the formal and informal sectors in Columbia. Gindling (1991) studied wage determination in the labor market of San José, Costa Rica. Thomas (1992) provides a recent survey on both theoretical and empirical studies concerning the informal sector. Our model combines the main features of Ransom (1987) with those of Magnac (1991) .
We use household survey data. Our approach implies that different utility functions would have to be used for different household types. We limit ourselves to households with one prime-age male and one prime-age female, which we refer to as two-adult households.
The organization of the paper is as follows. In section II we introduce the data set and provide descriptive statistics. In section III the model is introduced. Section IV contains information on the estimation strategy. Results are discussed in section V, and section VI concludes.
II. Data
The research is based on data of the second round of the 1989 Bolivian household survey (Encuesta Integrada de Hogares). It uses a random sample of the urban population and is administered yearly by the Bolivian National Bureau of Statistics (Instituto Nacional de Estadística). The 1989 survey covers 7264 households in eight urban centers. 3712 households contained one prime-age male and one primeage female, with both of them potential workers (between 19 and 65 years old, in good health, and not attending full-time education). The definition of formal and informal sectors is, following Magnac (1991) , based on questions on the workers' status. Wage workers and independent professionals, such as lawyers and doctors, are classified as formal, other self-employed workers are classified as informal. Selfemployed workers with household-related business assets greater than 15.000 Bolivianos (U.S.$ 5500) are classified as formal. 1 Others, such as family workers or employers, are not classified. 2 476 households were excluded because one of the partners could not be classified, 146 because one of the partners had jobs in both sectors. Finally, 48 households were excluded due to missing information on one of the necessary variables (education level, hours worked). 3 The sample used for estimation thus contains 3042 families. 4 Table 1 contains descriptive statistics. 91% of all males are working, compared to 40% of all females. The majority of males work in the formal sector, the majority of females do not participate. Most individuals in the informal sector have little education; the higher educated dominate in the formal sector. Ethnic minorities are found more frequently in the informal sector. Average other, nonlabor, income is highest for those who do not participate. Average hourly earnings in the formal sector are slightly higher than in the informal sector. 5 Average hours worked are higher in the informal sector. The hourly earnings distribution of working males and females in the sample is very similar to that in the original sample of 7264 families. Table 2 contains some prima facie evidence of intrahousehold effects of labor supply. We have calculated the average female participation rate and the average log wage of working females by wage quintile of the male. The female participation rate is highest in the lower and upper male wage brackets. Yet female wages increase with the male's wage. The high participation rate in the lower quintile could be explained by the low income earned by the male-one income is not enough to support the family. For the high male wage bracket, the own wage effect of the female seems to dominate-the high wage she can earn induces her to work.
2 See Pradhan and van Soest (1995) for details on the classification and for sample statistics on an individual level.
3 In principle, the likelihood could be adjusted to account for missing information in hours worked. We did not consider this worth the effort-only 10 observations would be recovered. 4 For the sample of 3712 households consisting of one prime-age female and one prime-age male, average per-capita household consumption is 142.8. For the selected sample it is 137.2. This suggests that sample selectivity due to data cleaning might not be too serious. Compared to the average in the total survey, per-capita income of two-adult households is 8% lower.
5 For those with one job, hourly earnings are obtained as the ratio of average earnings and average hours worked. For those with two jobs (in the same sector), a weighted mean is used. Earnings and hours worked questions in the survey are identical for the two sectors. 
III. The Model
Few individuals hold jobs in both sectors (fewer than 5%), and these are removed from the sample. Our model therefore explains sector choice and earnings and hours worked in the chosen sector, rather than hours worked in both sectors. We assume that an individual can earn a fixed hourly wage in each sector, where wages in the two sectors can be different. The simplest would then be to assume that the individual chooses the sector with the highest wage rate. This, however, is not necessarily consistent with the data. We introduce unobserved nonmonetary returns to explain why people may choose the sector yielding the lower (monetary) earnings.
The model consists of three parts. The first describes the wage rates in both sectors for both spouses, excluding nonmonetary returns. The second part consists of nonmonetary returns equations. The choice between formal and informal sectors is based on comparing wages, including nonmonetary returns. Wage rates, including nonmonetary returns, in the optimal sector are input variables for the third part of the model, the labor supply section. This part explains joint labor supply decisions of both spouses, including the decisions of whether to participate (in the optimal sector) or not. We discuss the three parts of the model separately.
A. Wages
The log hourly wage in both sectors (excluding nonmonetary returns) is modeled as a linear function of exogenous variables and an error term,
(The subscript indicating the household has been dropped.) We use four separate wage equations to describe earnings in both sectors for both sexes. The error terms are assumed to be independent of each other and of other error terms in the model.
B. Nonmonetary Returns and Sector Choice
Under the assumption of homogeneous preferences and free movement between sectors, everyone chooses the sector in which the wage offer is the highest. This is the assumption in the classical Roy (1951) model. In practice, however, individuals do not necessarily participate in the sector with the highest wage offer. On the one hand, demand factors may limit movement between sectors. In particular, the view that entrance into the formal sector is restricted is widely spread (Fields (1975) ). On the other hand, preferences for sectors may differ across individuals. For example, apart from wages, larger freedom in the informal sector or larger job security in the formal sector may be considered. We capture such effects under nonmonetary returns to the job. This is the monetary equivalent of all nonwage factors that influence sector participation. Magnac (1991) interprets nonmonetary returns as rationing.
We model nonmonetary returns relative to the monetary wage. Only the difference between nonmonetary returns in the two sectors is identified. We normalize nonmonetary returns in the informal sector to zero. The log of nonmonetary returns (NMR) in the formal sector is denoted by NMR k (k 5 m (male), f (female)). It is assumed to be a function of individual characteristics, local labor market conditions, and an error term:
We assume that the sector choice is determined by wages, including nonmonetary returns. For the formal sector the wage is w* k1 5 (NMR k 1 1) w k1 (k 5 m, f ). For the informal sector, the wage w k2 itself enters. The preferred sector and hourly wage (including nonmonetary returns) are thus given as follows:
If w* k1 . w k2 , then formal sector:
If w* k1 , w k2 , then informal sector:
Wages and nonmonetary returns thus determine the choice between formal and informal sectors. Whether the individual will prefer employment in the optimal sector to nonparticipation will depend on w* m , w* f , and the labor supply part of the model.
C. Labor Supply
This part of the model is identical to that of Ransom (1987) . A household is characterized by a quadratic direct utility function which has household consumption and leisure of both partners as arguments. The family maximizes utility subject to a household budget constraint and nonnegativity conditions on hours worked:
subject to
T 5 time endowment h m , h f 5 hours worked by male and female
We assume that the budget constraint is binding, i.e., utility increases with C. If neither of the two nonnegativity conditions on hours is binding, first-order conditions can be written as
Here a* m and a* f are functions of a, b, and T (cf. Ransom (1987) ). The quadratic specification implies that there is no need to specify the time endowment T. Following Ransom (1987) , we allow a* m and a* f to be functions of observed taste shifters Q ki and unobserved taste shifters e ki (k 5 m, f ), where the subscript i denotes the household (in the sequel we omit that subscript for ease of notation):
If a nonnegativity constraint is binding and one spouse does not work, the corresponding first-order condition changes into an inequality condition. For given w* m and w* f this results in a simultaneous model of two tobit equations. Due to the quadratic utility function, the underlying latent model is linear.
D. Complete Model
The model consists of eight equations: two wage equations and one nonmonetary returns equation for each spouse, and two labor supply equations. Note that the labor supply part of the model uses wages in levels, while wage equations and nonmonetary returns are in logs, so that the model as a whole is nonlinear. Parameters to be estimated are t kj , s kj 2 ( j 5 1, 2 and k 5 m, f ) in equation (1)
and S in equation (7), and the b ij (i, j 5 1, 2, 3) in equations (5) and (6). By means of normalization, b 11 is set equal to 1.
The approach is an improvement on the Ransom (1987) approach in that the wage equations are incorporated and estimated jointly with the labor supply equations. Ransom predicted wage offers for nonparticipants using a separate model, thus ignoring wage rate prediction errors. Furthermore, we distinguish between two sectors. The model also generalizes the approach of Magnac (1991) . Our approach is more structural, and we do not only consider participation but also hours worked. Moreover, while Magnac considers individuals, we work at the household level and analyze intrahousehold interactions.
It should be admitted that the model is restrictive in various ways. A more general way to model sector choice would be to incorporate hours worked in both sectors separately in the utility function. Family utility would then depend on five arguments instead of three. The general solution would allow that individuals work in both sectors simultaneously, something we hardly observe in our data. Our model a priori excludes the possibility of two jobs in two different sectors. Nonmonetary returns can be seen as a specific way of transforming preferences (proportional to wages). This implies that the sector choice does not depend on hours worked.
Restrictions that seem hard to justify from an economic point of view are those imposed on the covariance matrix of the error terms. We have eight error terms and only allow for correlation between two of them (random preferences of the two spouses). Thus, for example, independence of all errors in equations (1) and (2) implies that the sector choices of the two spouses (conditional on exogenous variables) are independent. Given our estimation strategy (see below), a more general covariance structure is feasible in principle. It would, however, require a substantially larger computing effort and is thus beyond the scope of the current study.
IV. Estimation
Due to the model's nonlinear nature, an analytical expression for the likelihood cannot be given. Exact likelihood contributions would in many cases require numerical integration in more dimensions. Instead, we maximize an approximation of the likelihood, based on simulations of some of the errors in the wage and nonmonetary returns equations. This method is an example of (smooth) simulated maximum likelihood (SML) (cf. Boersch-Supan and Hajivassiliou (1993), for example). We describe the main idea here. Details are given in the appendix.
If both partners in a given family work in the informal sector and w* m and w* f are known, the likelihood contribution of the labor supply part of the model (conditional on wages) is identical to that in Ransom (1987) . We denote it by L I (h m , h f 0w* m , w* f ). To keep the notation simple, we suppress the other arguments on which it depends (taste shifters, other family income). 6 The complete likelihood contribution is then given by
Here L m and L f are the likelihood contributions of the wage and nonmonetary returns equations for male and female, and s m and s f are the observed sectors of male and female. Because of the linearity of this part of the model and independence of the errors, computing L m and L f is easy. Both are similar to Magnac's (1991) likelihood. Thus if w* m and w* f are known, the exact likelihood contribution can be used. This is only relevant, however, if both partners work in the informal sector. If either of them does not work in the informal sector, or if the wage is not reported, the relevant wage (including nonmonetary returns) is not observed. In case of nonparticipation, this is the familiar problem in estimating structural labor supply models with unobserved wage rates (cf. discussion in MaCurdy et al. (1990) ). In case of formal sector work, we observe the monetary wage, but w* k includes unobserved nonmonetary returns. Let us consider the case that both spouses work in the formal sector. The likelihood contribution can then be written as
The expectation is taken with respect to the unobserved errors in the nonmonetary returns equations, linking observed w m and w f to unobserved w* m and w* f (see appendix). The expectation cannot be computed analytically, since L I is a complicated function of w* m and w* f . We replace it by a simulated mean,
(10)
Here w* mj and w* fj ( j 5 1, . . . , H) result from adding H independent draws of M k to V k g k in (2), and adding the sums to the observed log formal sector wages.
This procedure is easily generalized to other cases. For those individuals who do not participate, we draw all six errors in the wage and nonmonetary returns equations. The maximum wage offer from the two sectors is substituted in the labor supply part of the model. This type of nonlinearity was also solved through simulation by Laroque and Salanié (1989) for a disequilibrium model. The sample likelihood is approximated by replacing each likelihood contribution by its simulated approximation. The SML estimator maximizes the approximate sample likelihood. 7 The estimator is consistent if N =`(number of observations) and H =`(number of draws per observation). Moreover, if draws for different observations are independent and OEN/H = 0 (i.e., H =`''fast enough''), SML is asymptotically efficient and equivalent to maximum likelihood (Gourieroux and Monfort (1993) ). Because the errors in the labor supply part of the model are retained and not simulated, the approximate likelihood is a continuous and differentiable function of the parameters. This makes maximization feasible and should, according to previous studies on similar models (Boersch-Supan and Hajivassiliou (1993)), lead to satisfactory results for small H already. We use H 5 60. 8 
V. Results
We first present the estimates of the labor supply model, equations (4)-(7). The estimates of G m and G f in equation (7) are given in table 3. A higher value of a* k (k 5 m, f ) is associated with a higher propensity to work, since a* k decreases with a k . Exogenous variables in Q k refer to family composition and age. The number of children (age # 18) in the household (young) significantly increases the propensity to work for males and has the opposite effect for females. The number of household members older than 64 (old) is insignificant. A quadratic age pattern is significant for both males and females. The propensity to work is highest at age 33 for males and at age 42 for females. There is a significant negative correlation between the two random preference terms. This could be due to assortative matching between spouses.
The estimates for the matrix b are presented in table 4. All coefficients are significant. The marginal utility of leisure increases with additional leisure of the partner. Marginal utility of both partners increases with family consumption. In the first-order conditions, equations (5) and (6), we have implicitly assumed that utility increases with family consumption. According to our results, this is the case for 2939 out of 3042 observations. The 103 remaining observations are ignored in the simulations below. Moreover, the solution of the Lagrange equations corresponds to the utility maximum if the utility function is quasiconcave. Positive definiteness of b is sufficient but not necessary for this. Despite the fact that the estimate of b is not positive definite, concavity conditions are satisfied without exception. 9 Figures 1 and 2 illustrate the shape of the labor supply curves. Family characteristics are kept at the mean predicted value. Figure 1 shows unconditional supply curves, i.e., predicted numbers of hours worked for males and females as a function of both wages (including nonmonetary returns). 10 a* m and a* f are set equal to their sample means (a* m 5 4.0, a* f 5 21.4), random terms in preferences are set equal to zero. Male labor supply is forward bending in most of the range of male wages, and backward bending for very high wage rates, where the income effect dominates the substitution effect. If w* f is low, the female does not work, and male hours depend on w* m only. If the female works, male hours are affected negatively by the female's wage. The wife's hours of work increase with her own wage and decrease with the husband's wage. Figure 2 shows the probability of participation for both males and females as a function of both wages. Random preference terms are taken into account. 11 For females, the own wage effect on the probability of working is positive. The effect is stronger if the male wage is low. The effect of the husband's wage on the wife's participation is negative but small. For the family characteristics considered, the probability that the male participates is always higher than 0.80. For the male there is a small positive own wage effect and a negligible cross-wage effect. Only for extremely high female wages, a substantial negative cross-wage effect is found.
The estimates of wage and nonmonetary returns equations for both sexes are presented in table 5. In the wage equations we have included individual characteristics such as age, education level, ethnicity, and variables describing local labor market conditions such as the local unemployment rate and a measure for the size of the economically active population, a proxy for the size of the local market. The specification is similar to that in Pradhan and van Soest (1995) , and so are the results. For example, returns to education are larger in the formal sector than in the informal sector. This may indicate that the formal sector requires skills obtained through the formal education system or that education is used as a screening device in the formal sector. A larger local labor market leads to a higher wage. The effect is significant for males in the formal and for females in the informal sector. The significantly negative effect of the local unemployment rate is largest in the informal sector. This can be explained by the fact that the informal sector is more competitive than the formal sector. In the formal sector, ethnic minorities are paid significantly less than others.
In the nonmonetary returns equations for the formal sector we have included the variables of the wage equations and two taste shifters: the numbers of young and old persons in the family. Nonmonetary returns may result from demandside constraints (rationing) or from individual preferences concerning sector participation. For both males and females we find that ''normal'' education (primary school teachers) has positive nonmonetary returns. People with this type of training prefer teaching in a primary school (in the formal sector) to informal sector work. If preferences do not depend on ethnicity, the negative coefficient on ''ethnic'' can be interpreted as high job search costs of ethnic minorities for formal sector jobs, or discrimination. Ethnic groups are thus discriminated against twice: formal wages are lower, and formal sector jobs are harder to find. The number of young children increases preference for informal sector jobs. This could be because of higher flexibility of when and how much to work in the informal sector. Also, additional income could be generated in the informal sector by child labor. The hypothesis of weakly competitive markets (all parameters in the nonmonetary returns equation equal zero), as defined by Magnac (1991) , is strongly rejected for both males and females.
A. Simulations
To see how well the model predicts the distribution of hours worked and sector participation, we present figure 3 and table 6. For all observations in the sample we have simulated wages, nonmonetary returns, and hours worked, taking one draw from the distribution of the error terms. 12 In figure 3 the predicted and the actual sample distributions of hours worked are shown. Actual hours distributions for males are peaked at 40 and 48 hours per week. These peaks are not fully captured by the predictions. This would require a model incorporating restrictions on hours worked, as in Dickens and Lundberg (1993) . Flexibility of female hours is much higher; both actual and predicted hours are more dispersed.
In table 6 we present sector choice and participation of both spouses. 13 We compare actual and predicted numbers. The model underpredicts the number of nonparticipants, particularly for males. Explanations may be fixed costs of working or a lack of available part-time jobs. The ratios of formal and informal sector participation rates are predicted reasonably well.
In table 7 we present the results of some simulation exercises. The objective of the first two simulations is to examine the importance of intrahousehold effects. We first consider a 10% fall of wages for all males. This has hardly any effect on the average number of hours the male works. Participation of males slightly decreases. Labor supply of females, however, shows a stronger response: their average number of hours worked increases by 2.5%, corresponding to a cross-labor supply elasticity of 20.25. A closer look at the own labor supply response for males reveals that the low elasticity is not uniform over the sample. Males with a positive labor supply response are those who initially had a high wage. For most males with a low wage, the labor supply response to a wage decrease is negative. This corresponds with the inverted U-shape of labor supply in figure 1 .
Second, we consider a 10% fall of wage rates of females. This has a very small effect on hours worked by males and females. Male hours increase and female hours decrease, but both effects are less than 1%. To get some insight in aggregate income elasticities, we also performed a simulation in which nonlabor income increased by 10% for all households. For 84% of the households this has no effect, since their nonlabor income was zero to start with. The effects were quite small. For both males and females, hours worked decrease slightly. Income elasticities are 0.002 for males and 0.019 for females.
Finally, an objective of this study is to see how sensitive sector choice and participation are for wage changes in one sector. We consider a fall in all formal sector wages by 10% (see tables 7 and 8). 14 2.1% of all males switch from formal to informal sector while the participation rate for males hardly changes. Participation of females increases by 0.4%. This is a result of two opposite effects: an increase due to reduced partner's earnings (cf. previous simulation), and a decrease due to the fall of the own (formal sector) wage. The average number of hours worked increases for both males and females. The labor supply of males increases since formal sector workers are generally in the higher income brackets. The size of the informal sector increases by 5.5%. This prediction should be viewed as an upper limit, since a fall in formal sector wage offers will often be accompanied by a fall in informal sector wages.
VI. Conclusions
We have analyzed the labor supply behavior and the choice between formal and informal sector work of the two spouses in two-adult families in urban areas of Bolivia. We have developed a static neoclassical model, combining the family labor supply model of Ransom (1987) with the model explaining sector choice and earnings of Magnac (1991) . Our main empirical conclusion is that intrahousehold effects are substantial: low earnings of the husband are compensated by more working hours of the wife. Qualitatively, the elasticities we find are largely in line with the findings of Ransom (1987) for the United States. We find a smaller own wage elasticity of female labor supply than Ransom, and a larger cross-wage elasticity of female labor supply. Apart from large differences between the populations of interest, this may also be due to the model specification. Our approach allows for a more flexible wage structure than Ransom's. The significant differences between wage equations for the two sectors indicate that this is a substantial improvement.
Second, we find that lower wages in the formal sector induce more people to work in the informal sector, while the effect on nonparticipation is small. Third, we find that nonmonetary returns in the formal sector are usually positive. This implies that, on average, if the formal and informal sector wages are equal, people prefer a formal sector job. It can be explained by differences in job characteristics. This finding is different from that of Magnac (1991) , who finds that nonmonetary returns are insignificant for married females in Columbia. We find larger nonmonetary returns for males than for females. For females, nonmonetary returns are particularly important for some education levels, for example, for those with teacher training. Differences in educational systems might explain part of the deviation from Magnac's findings.
Although our model captures some features of the data quite well, a simulation makes clear that it is not fully capable to reproduce the data. In particular, nonparticipation of males is underpredicted. Allowing for fixed costs of working or constraints on hours worked might help to overcome this problem. Relaxing the tight stochastic specification might also help. The quadratic specification of the utility function, together with the estimation method of smooth simulated maximum likelihood, make these extensions feasible areas of future research.
APPENDIX

Simulated Likelihood Contributions
The likelihood contributions consist of three parts, L I , L m , and L f , as introduced in equation (8). L I is the contribution of the labor supply part of where (µ mj , h f1j , h f2j , µ fj ), j 5 1, . . . , H, are independently and identically distributed draws from the distribution of (µ m , h f1 , h f2 , µ f ). Other cases are treated in a similar way. The integral to be replaced varies from six dimensional (h m 5 h f 5 0) to zero dimensional (male and female work in the informal sector).
